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Project goals:

Over 10,000 metagenomes collected from diverse habitats covering all of Earth’s continents
and oceans, human- and animal-host associated microbiomes, engineered environments,
and natural and agricultural soils were wused to generate over 52,000
metagenome-assembled genomes (MAGs). Metabolic models were constructed using the
high-quality non-redundant MAGs to explore the distribution of metabolic functions across
ecosystems. To evaluate the quality of the constructed metabolic models, species-level
genomic references were compared and resulted in a high correlation of predicted
functions, indicating the MAGs encode representative pathways to their isolate
counterparts.

The reconstruction of bacterial and archaeal genomes from shotgun metagenomes provides
insight into the ecology and evolution of environmental and host-associated microbiomes.
Genome-scale metabolic models were built and analyzed for the non-redundant, high quality
GEMs with >40 representatives per environment (n = 3255) using the ModelSEED' pipeline in
KBase? (See supplemental materials). In brief, GEMs from similar environments, such as human
and mammal, were shown to cluster by pathway presence (containing at least one complete flux
pathway) implying that pathways are differentially sorted by distinct environmental factors. For
the 607 GEMs with close (>95% ANI) RefSeq genomes identified, a comparison of GEM to
RefSeq models revealed a very high (>0.98) correlation suggesting that these high-quality
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GEMS are very near complete and representative of their full metabolic potential. To
demonstrate that the high correlation was not the result of all models being similar, correlations
were also computed for random pairs of GEM models and RefSeq models, resulting in a much
lower correlation of 0.83. All GEMs, associated RefSeq genomes, and metabolic models are
freely available in the “JGI MAG Database” KBase organization
(https://narrative.kbase.us/#org/jgimags). To validate the high-quality GEMs metabolic models,

pathway presence profiles were computed for reference genomes associated with humans and the
built environment, as these two environments have >100 GEMs with associated reference
genomes. The resulting profiles were nearly identical for all pathways. Pearson correlation
coefficients were calculated for each GEM and corresponding reference genome across 55
metabolic pathways, with an average value >0.98. When the GEM and reference genomes were
randomly paired and a Pearson correlation was calculated, the average correlation dropped to
~0.82, indicating that the high correlation previously reflects the similarity of the GEM and
reference genome.
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